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VRLO LV RLO )LJ  ,W RIWHQ JHWV LQWR WKH VRLO E\ OHDNLQJ RXW RI WDQNV EHLQJ VSLOOHG LQ WKH WUDQVSRUWDWLRQ SURFHVV
GXULQJ ORDGLQJXQORDGLQJDQG OHDNV IURPSLSHOLQHV7KH VHYHULW\RI WKHFRQWDPLQDWLRQGHSHQGVRQ WKH W\SHRIRLO
LQYROYHG 7KHKHDYLHU WKHRLO WKH VORZHU LW LVDEOH WR VSUHDG+RZHYHU LI OLJKWRLO LV LQYROYHG LW LVDEOH WR VHHS
WKURXJK WKH WRS VRLO TXLWH TXLFNO\ ,W WKHQ FRQWLQXHV WR PRYH TXLFNO\ WKURXJK WKH OD\HUV RI VRLO  7KH IDVWHU WKH
FOHDQXS RSHUDWRU UHVSRQGV WR WKH VSLOOOHDN WKH EHWWHU WKH FKDQFH RI VWRSSLQJ WKH FRQWDPLQDWLRQ WR VSUHDG
VXUURXQGLQJ %LRORJLFDO FOHDQ XS SURFHVVHV LV FXUUHQWO\ LQ YRJXH DV D SURPLVLQJ FRVWHIIHFWLYH DQG SHUIRUPDQFH
HIIHFWLYHWHFKQRORJ\WRDGGUHVVQXPHURXVHQYLURQPHQWDOSROOXWLRQSUREOHPV7KHVHSROOXWDQWVUDQJHIURPLQGXVWULDO
ZDVWHV HJ SRO\FKORULQDWHG ELSKHQ\OV WULFKORURHWK\OHQH SHQWDFKORURSKHQRO DQG GLR[LQ SRO\DURPDWLF
K\GURFDUERQVUHILQHGSHWUROHXPSURGXFWVHJMHWIXHOJDVROLQHGLHVHOIXHODQGWKHEHQ]HQHWROXHQHHWK\OEHQ]HQH
DQG[\OHQHFOXVWHUDFLGPLQHGUDLQDJHSHVWLFLGHVPXQLWLRQVFRPSRXQGVHJWULQLWURWROXHQHDQGLQRUJDQLFKHDY\
PHWDOV WR FUXGH RLO 7KH PDMRU RUJDQLF FKHPLFDO ZDVWH FDWHJRULHV LQFOXGH RUJDQLF DTXHRXV ZDVWH SHVWLFLGHV





















%LRUHPHGLDWLRQ LV WKHDSSOLFDWLRQRIPLFURRUJDQLVPVRUPLFURELDOSURFHVVHVRUSURGXFWV WR UHPRYHRUGHJUDGH
FRQWDPLQDQWVIURPDQDUHD$PRUHULJRURXVGHILQLWLRQLVWKHLQWHQWLRQDOXVHRIELRORJLFDOGHJUDGDWLRQSURFHGXUHVWR
UHPRYH RU UHGXFH WKH FRQFHQWUDWLRQ RI HQYLURQPHQWDO SROOXWDQWV IURP VLWHV ZKHUH WKH\ KDYH EHHQ UHOHDVHG 7KH
FRQFHQWUDWLRQVRISROOXWDQWVDUHUHGXFHGWROHYHOVFRQVLGHUHG DFFHSWDEOHWRVLWHRZQHUVDQGRUUHJXODWRU\DJHQFLHV
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$OWKRXJKGHJUDGHUPLFURRUJDQLVPV DUHSUHVHQW LQ HQYLURQPHQW VRLOV VHGLPHQWV DQG DTXLIHUV WKHLU QDWXUDOO\
RFFXUULQJ QXPEHUV PD\ EH WRR VPDOO WR EULQJ DERXW WKH UDSLG UHDFWLRQ QHHGHG WR KDYH HQKDQFHG GHJUDGDWLRQ
SURFHVVHV,QWKDWFDVHWKHVWUDWHJ\LVWRDGGWRWKHFRQWDPLQDWHGHQYLURQPHQWWKHPDWHULDOVQHHGHGWRDOORZJURZWK
RI WKHPLFURRUJDQLVPV WR DFWLYHO\GHJUDGLQJ WKH FRQWDPLQDQW7KHPRVW FRPPRQO\ DGGHGPDWHULDOV QRUPDOO\ DUH
VHOHFWHGIURPDPRQJDQHOHFWURQDFFHSWRUVXEVWUDWHDQHOHFWURQGRQRUVXEVWUDWHLQRUJDQLFQXWULHQWVDQGPDWHULDOWR
LQFUHDVHWKHVROXELOLW\RIWKHFRQWDPLQDQW
2. Material and methods 
 5HDJHQWV




,VRODWLRQ DQG FKDUDFWHUL]DWLRQ RI EDFWHULD LVRODWHG IURP VHYHUDO VLWH RI RLO FRQWDPLQDWHG VRLO LQ ,QGRQHVLD ZDV
FRQGXFWHGLQRUGHUWRILQGWKHEDFWHULDWKDWKDYHDQDELOLW\WRPHWDEROL]HSHWUROHXPK\GURFDUERQDVLWVROHFDUERQ
VRXUFH )XUWKHUPRUH FXOWXUH RI EDFWHULDZDV DGDSWHGZLWK RLO VOXGJH DV VROH FDUERQ VRXUFH%DFWHULD WKDW DEOH WR
GHJUDGHRUXVHRLOVOXGJHDVVROHFDUERQZHUHLVRODWHGDQGWKHQXVHGDVLQRFXOXPVLQWKLVUHVHDUFK%DFLOOXVFHUHXV
%/3VHXGRPRQDVVWX]HUL%/$FLQHWREDFWHU VS%/DQG%DFLOOXV VS%/ZHUH VXFFHVVIXOO\ LVRODWHGDQG
XVHG LQ WKH ELRGHJUDGDWLRQ DVVD\ RI RLO VOXGJH ZKLOH $]RWREDFWHU YLQHODQGLL $9 ZDV XVHG LQ SURGXFLQJ
ELRVXUIDFWDQW$YLQHODQGLL$9ZDVPDLQWDLQHGDW&RQPDQQLWROHQULFKPHQWDJDUVODQWVFRQWDLQLQJJÂ/±
PDQQLWROJ Â /± \HDVWH[WUDFWJ Â/± WU\SWRQHDQGJ Â /±RIDJDU:KLOHHDFKSHWURILOLFEDFWHULDZDV
PDLQWDLQHG DW  &RQ1XWULHQW$JDU FRYHULQJZLWK RQHGURSRI FUXGHRLO 6XEFXOWXUHVZHUHPDGH WR IUHVK DJDU
VODQWVHYHU\PRWRPDLQWDLQYLDELOLW\
 7RWDO3HWUROHXP+\GURFDUERQ73+PHDVXUHPHQWV















SHU NJ VRLO DQG LQFXEDWLRQ WLPH IRU ELRGHJUDGDWLRQ DVVD\ ZDV  G 7RWDO SHWUROHXP K\GURFDUERQ 73+
FRQFHQWUDWLRQ DQG JURZWK RI SHWURILOLF EDFWHULDZHUH REVHUYHG RQ FHUWDLQ WLPH 3HUIRUPDQFH RI FKRVHQ SDUDPHWHU
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PHWKRGVZDVDSSOLHG LQ IXOO VFDOHDSSOLFDWLRQXVLQJ ODQG IDUPLQJELRUHPHGLDWLRQPHWKRG IRU WUHDWLQJFXELF
PHWHURIRLOVOXGJHFRQWDPLQDWHGVRLOZLWKDYHUDJHLQLWLDO73+FRQFHQWUDWLRQRIJ73+SHUNJVRLO
3. Result and discussion 
2LOVOXGJHREWDLQHGIURPEDORQJDQRLOUHILQHU\RULJLQDOO\ FRQWDLQVKLJK73+FRQWHQWLQDYHUDJHRIJ73+
SHUNJVRLO&RPSRVLWLRQRI FKHPLFDOFRPSRQHQWV LQ WKHRUJDQLFSKDVHH[WUDFWHG IURPRLO VOXGJH LVK\GURFDUERQ
SDUDIILQQDIWDOHQH PDVV DQG DURPDWLF K\GURFDUERQV PDVV7KH FRPSRVLWLRQ RI WKH WDUV VWLFN\
VXEVWDQFHLQWKHRLOVOXGJHPDVVUHDFKHVZKLOHWKHDVSKDOWHQHVDURPDWLFK\GURFDUERQIUDFWLRQZLWKDKLJK
PROHFXODUZHLJKW VROXEOH LQ DURPDWLF VROYHQW SURSHUWLHV EXW QRW LQ DOLSKDWLF VROYHQWV UHDFKHG PDVV7KH
FKHPLFDO FRPSRVLWLRQ RI SDUDIILQ K\GURFDUERQV DV ZHOO DV WKH FKDUDFWHULVWLFV RI KLJK DVSKDOWUHVLQRXV FDXVH
FRPSOLFDWLRQV LQDQHIIRUW WR IXUWKHU WUHDWPHQWSURFHVVRI WKHRLO VOXGJH7R IDFLOLWDWHV WKH WUHDWPHQWSURFHVV LW LV
QHHGWRORZHUWKHFRQFHQWUDWLRQRIWKHRLOVOXGJHE\PHDQRIVRLOZDVKLQJPHWKRGVILUVWEHIRUHFRQWLQXLQJZLWKWKH
ELRGHJUDGDWLRQSURFHVV)LJVKRZVODERUDWRU\GDWDZKHQRLOVOXGJHFRQWDPLQDWHGVRLOZLWKKLJKRLOFRQWHQWJ
73+ SHU NJ VRLO ZHUH WUHDWHG ZLWK VRLO ZDVKLQJ PHWKRG ILUVW WR UHGXFH RLO FRQWHQW EHIRUH FRQWLQXHG ZLWK
ELRGHJUDGDWLRQSURFHVV6OXUU\5HDFWRU¸ZDVZDVKHGZLWKWDSZDWHU6OXUU\5HDFWRUƑZLWKELRVXUIDFWDQW
IURP$ YLQHODQGLL DW  IROG&0&YDOXH DQG 6OXUU\5HDFWRU żZLWK7ZHHQDOVR DW  IROG&0&YDOXH
6LJQLILFDQW 73+ UHGXFWLRQ ZDV IRXQG LQ 6OXUU\ 5HDFWRU ZLWK   UHGXFWLRQ HIILFLHQF\ IROORZHG ZLWK 6OXUU\
5HDFWRUDQGZLWKDQGUHGXFWLRQUHVSHFWLYHO\5HFRYHUHGRLOZHUHUHPRYHGIURPWKHVOXUU\UHDFWRUV















































5HVHDUFK UHVXOW VKRZV WKDW ELRVXUIDFWDQW DGGLWLRQ FRXOG HQKDQFH WKH ELRGHJUDGDWLRQ SURFHVV %LRVXUIDFWDQWV
SRVVHVVWKHFKDUDFWHULVWLFSURSHUW\RIUHGXFLQJWKHVXUIDFHDQGLQWHUIDFLDOWHQVLRQVXVLQJWKHVLPLODUPHFKDQLVPVDV
FKHPLFDO VXUIDFWDQWV %LRVXUIDFWDQWV DUH SDUWLFXODUO\ VXLWHG IRU HQYLURQPHQWDO DSSOLFDWLRQ GXH WR WKHLU
ELRGHJUDGDELOLW\&RPSDUHGWRFKHPLFDOO\PDQXIDFWXUHGVXUIDFWDQWVELRVXUIDFWDQWVDOVRRIIHUVHYHUDODGYDQWDJHVRI
OLWWOHRU QRHQYLURQPHQWDO LPSDFW WKHSRVVLELOLW\RI LQ VLWXSURGXFWLRQDQGSURGXFHG IURPUHQHZDEOHDQGFKHDSHU
VXEVWUDWHV
7KH SULQFLSDO PHGLDWRUV RI WKH ELRUHPHGLDWLRQ DUH GHJUDGHU PLFUREH DQG WKHLU SURGXFWV DV WKH\ WUDQVIRUP RU
PLQHUDOL]H SROOXWDQWV WKHUHE\ GHFUHDVLQJ WKHLU PDVVHV DQG WR[LFLWLHV LQ FRQWUDVW WR PRVW RWKHU FRPSRQHQWV RI
HQYLURQPHQW 7KH VXFFHVV RI ELRUHPHGLDWLRQ LV JRYHUQHG E\ WKUHH LPSRUWDQW IDFWRUV DYDLODELOLW\ RI PLFUREHV
DFFHVVLELOLW\RIFRQWDPLQDQWVDQGDFRQGXFLYHHQYLURQPHQW7KHHIILFLHQF\RIWKHELRUHPHGLDWLRQLVGHSHQGHQWXSRQ
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WKH PLFURELDO DELOLW\ WR GHJUDGH WKHVH FRPSOH[ PL[WXUHV DQG WKHLU UDWHOLPLWLQJ NLQHWLFV %LRUHPHGLDWLRQ RI
FRQWDPLQDQWV LQ WKH HQYLURQPHQW LVPRWLYDWHG E\ WKHLU XELTXLWRXV GLVWULEXWLRQ WKHLU ORZ ELRDYDLODELOLW\ DQG KLJK
SHUVLVWHQFHLQVRLODQGWKHLUSRWHQWLDOO\GHOHWHULRXVHIIHFWRQKXPDQKHDOWK'XHWRKLJKK\GURSKRELFLW\DQGVROLG±
ZDWHUGLVWULEXWLRQUDWLRVWKHVHFRQWDPLQDQWVWHQGWRLQWHUDFWZLWKQRQDTXHRXVSKDVHVDQGVRLORUJDQLFPDWWHUDQGDV
D FRQVHTXHQFH EHFRPH SRWHQWLDOO\ XQDYDLODEOH IRU PLFURELDO GHJUDGDWLRQ VLQFH EDFWHULD DUH NQRZQ WR GHJUDGH
FKHPLFDOVRQO\ZKHQWKH\DUHVROXEOHLQZDWHU&RQYHUVLRQRIWKHFKHPLFDOVGXULQJELRUHPHGLDWLRQE\WKHPLFURELDO
FHOOVLVJRYHUQHGE\WKHUDWHRIXSWDNHDQGPHWDEROLVPWKHLQWULQVLFDFWLYLW\RIWKHFHOODQGWKHUDWHRIWUDQVIHUWRWKH
FHOO PDVV WUDQVIHU 7KHVH IDFWRUV UHJXODWH WKH VRFDOOHG ELRDYDLODELOLW\ RI D FKHPLFDO +HQFH IRU HIILFLHQW DQG
FRPSOHWH ELRGHJUDGDWLRQ VROXELOL]DWLRQ RI WKHVH K\GURFDUERQV ZLWK ELRVXUIDFWDQWV SULRU WR ELRDXJPHQWDWLRQ LV


























/DQGIDUPLQJ PLFURFRVP H[SHULPHQW VKRZV WKDW DOO YDULDWLRQ FRQGXFWHG LQ WKH PLFURFRVP JDYH VLJQLILFDQW
UHGXFWLRQRI73+ZLWK LWV UHPRYDOHIILFLHQF\RI DQGIRU/)/)DQG/) LQ WKHWKGRI
LQFXEDWLRQ WLPH UHVSHFWLYHO\ )LJ 7KLV VKRZV WKDW SHWURILOLF GHJUDGHU LV YHU\ HIIHFWLYH LQ DWWDFNLQJ WKH73+




LQVROXEOH RUJDQLF SROOXWDQWV ZHUH ZHOO VWXGLHG DW D ODERUDWRU\ DQG SLORW VFDOH EDVHG+RZHYHU IHZ UHSRUWV ZHUH
IRXQG LQ WKH OLWHUDWXUH UHJDUGLQJ ODUJH VFDOH ILHOGDSSOLFDWLRQRI WKLVDSSURDFKHJ.RVDULF WKDWSHUIRUPHG ILHOG
DSSOLFDWLRQ RI ELRUHPHGLDWLRQ DW VHYHUDO FRQWDPLQDWHG VLWHV LQ &DQDGD DQG WKH 0LGGOH (DVW ZLWK ELRVXUIDFWDQW
DGGLWLRQ WR WKH FXOWXUH PHGLXP 7KHVH VLWHV UHSUHVHQWHG VRLO DQG VDQG FRQWDPLQDWHG E\ KHDY\ K\GURFDUERQV
SULPDULO\ RI LQGXVWULDO RULJLQ %LRUHPHGLDWLRQ ZDV DFFHOHUDWHG ZKHQ JO\FROLSLG ELRVXUIDFWDQWV ZHUH DGGHG DW
FRQFHQWUDWLRQRINJÂ W±WRWKHQXWULHQWZKLFKZDVDSSOLHGWRWKHVRLO0DUWLHQVVHQHWDODOVRGHPRQVWUDWHGWKH

















































































6XFFHVVLYH VWHSV ZKLFK VKRXOG EH WDNHQ LQWR FRQVLGHUDWLRQ GXULQJ WKH GHVLJQ RI ELRVXUIDFWDQWPHGLDWHG
ELRUHPHGLDWLRQSURFHVVHVLQFOXGH
x 6HOHFWLRQ RI D ELRVXUIDFWDQW DQG ELRVXUIDFWDQWSURGXFLQJ EDFWHULD %LRVXUIDFWDQWV DUH D ZLGH JURXS RI
VWUXFWXUDOO\ GLYHUVH VXUIDFH DFWLYH FRPSRXQGV SURGXFHG E\ D YDULHW\ RI PLFURRUJDQLVPV ZKLFK DUH PDLQO\
FODVVLILHG E\ WKHLU FKHPLFDO VWUXFWXUH DQG WKHLU PLFURELDO RULJLQ 6HOHFWLRQV RI DSSURSULDWH ELRVXUIDFWDQW
SURGXFHUV SUHIHUHQWLDOO\ DUH IURP QDWLYH PLFURIORUD DXWRFKWKRQRXV VRLO PLFUREHV UKL]REDFWHULD HWF
$OWHUQDWLYHO\XVHRINQRZQSURGXFLQJLVRODWHVZKLFKPD\EHJHQHWLFDOO\PRGLILHGWRVHFUHWHELRVXUIDFWDQWVRU
DSSOLFDWLRQ RI PLFURELDO FRQVRUWLD ZLWK KLJK ELRDXJPHQWDWLRQ SRWHQWLDO KLJK VLPLODULW\ EHWZHHQ FRQVRUWLXP
PHPEHUVDQGDXWRFKWKRQRXVPLFURRUJDQLVPV
x $VVHVVPHQWRISRWHQWLDOELRVXUIDFWDQWLQGXFHG WR[LFLW\6XUIDFHDFWLYHFRPSRXQGV WKHPVHOYHVFDQ UHSUHVHQWD
FRQWDPLQDWLRQZKHQLQWURGXFHGLQWKHHQYLURQPHQW7R[LFLW\RIELRVXUIDFWDQWVFRXOGEHERWKWRZDUGWKHZKROH
HFRV\VWHPV RU WKH GHJUDGLQJPLFURRUJDQLVPV WKXV LQKLELWLQJ SROOXWDQW ELRGHJUDGDWLRQ'LVUXSWLRQ RI FHOOXODU
PHPEUDQHVE\ LQWHUDFWLRQZLWK OLSLGFRPSRQHQWVDQG UHDFWLRQVRI VXUIDFWDQWPROHFXOHVZLWKSURWHLQV WKDWDUH
HVVHQWLDOWRWKHIXQFWLRQLQJRIWKHFHOODUHUHSRUWHGDVRQHRIWKHPDLQWR[LFLW\PHFKDQLVPVRIELRVXUIDFWDQWV
)RU WKHVH UHDVRQV WKH WR[LFLW\ RI VXFK FRPSRXQGV VKRXOG DOZD\V EH DVVHVVHG HVSHFLDOO\ ZKHQ DQ LQ VLWX
DSSOLFDWLRQ LVSODQQHG7KLVDVVHVVPHQWFRXOG WDNH LQWRFRQVLGHUDWLRQGXH WRDQWLPLFURELDOSURSHUWLHVRIVRPH
ELRVXUIDFWDQWVSURGXFHGWRRWKHUVPLFURELDOGLYHUVLW\LQWKHVRLOHQYLURQPHQW
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x (VWDEOLVKPHQW RI DQ RSWLPDO ELRVXUIDFWDQWV SURGXFWLRQ PHWKRG )LJ  7KLV VWHS LQFOXGHV DVVHVVPHQW RI
SRWHQWLDOFDUERQVRXUFHIRUELRVXUIDFWDQWVSURGXFWLRQSUHIHUDEO\IURPORZFRVWUDZPDWHULDOZDVWHPDWHULDO








7KH UROH RI ELRVXUIDFWDQWV DV DQ HQKDQFHU DJHQW LQ ELRUHPHGLDWLRQ DSSOLFDWLRQV RI VRLO FRQWDPLQDWHG E\ ORZ
VROXEOHRUJDQLFSROOXWDQWVVRIDUEHFRPHSURPLVLQJWHFKQLTXHWREHDSSOLHG7KLVDSSOLFDWLRQFDQSRWHQWLDOO\LQFUHDVH
WKHELRGHJUDGDWLRQUDWHDQGUHGXFHFRQWDPLQDQWPLQLPXPFRQFHQWUDWLRQ7KLVLVGXHWRWKHLUDELOLW\WRHQKDQFHWKH








7KHZRUNGHVFULEHG LQ WKLVSDSHUZDV VXSSRUWHG SDUWO\E\DJUDQW IURP WKH ,QVWLWXW7HNQRORJL%DQGXQJ ,7%
5HVHDUFK*UDQWV  7KHDXWKRUVDFNQRZOHGJH WKHLUFROOHDJXHVDW.DOUH]3HWUROHXP&R -XIUDQ+HOPL
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 9RJHO70%LRDXJPHQWDWLRQDVDVRLOELRUHPHGLDWLRQDSSURDFK&XUUHQW2SLQLRQLQ%LRWHFKQRORJ\±
 5LWWPDQQ%(0F&DUW\3/(QYLURQPHQWDOELRWHFKQRORJ\SULQFLSOHDQGDSSOLFDWLRQV1HZ<RUN0F*UDZ+LOO
 +HOP\ 4 6XU\DWPDQD 3 .DUGHQD ( )XQDPL]X 1 :LVMQXSUDSWR %LRVXUIDFWDQWV SURGXFWLRQ IURP $]RWREDFWHUVS DQG LWV DSSOLFDWLRQ LQ
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